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CDMA RECEIVER 

FIELD OF THE INVENTION 

The present invention relates generally to code division multiple access 
5 (CDMA) receivers, and more particularly, to a method and apparatus for receiving 
multi-carrier (MC) CDMA signals that allows efficient implementation of a CDMA 
receiver in CDMA systems having multiple modes of operation. 

BACKGROUND OF THE INVENTION 

FIG. 1 shows a cellular system 100. The cellular system 100 coverage 
10 area may be divided into separate areas defined by cells 101-107. Each mobile 
i,Q station 120-122 may operate within the coverage area of cellular system 100. 

Each cell 101-107 is controlled by a radio frequency transmitting and receiving 
base station 111-117 that allows base station-to-mobile and reverse-link (mobile 
ri station to base station) channels to be established. The reverse-link and forward- 

^ 15 link channels provide paths for communication between mobile stations and an 

^ associated base station 111-117. Cellular system 100 may be implemented 

w 

U according to one of the many cellular system standards currently in use or 

% proposed for use. For example, system 100 may be implemented in accordance 

3 with the Telecommunications Industry Association standard (TIA/EIA) IS-95 

20 Mobile Station-Base Station Compatibility Standards for Dual-Mode Wideband 
Spread Spectrum Cellular System ("IS-95") or in accordance with the Japanese 
Association of Radio Industries and Businesses (ARIB) standard Specification of 
Mobile Station for 3G Mobile Station System Version 1 .0 (WCDMA) or other third- 
generation (3G) standards, such as the European multi-carrier CDMA (MC- 
25 CDMA) or TIA/EIA cdma2000 First Generation Standard (cdma-2000_1x). 

In cellular system 100, a number of forward-link CDMA channels can share 
the same time-frequency space. Similarly, a number of reverse-link channels can 
share another time-frequency space. To enable this time-frequency sharing, 
CDMA channels are separately defined by performing an orthogonal conversion 
30 and spreading of information to be transmitted on the channel using Walsh codes. 
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Walsh codes can be used to uniquely spread channel information in the same 
time-frequency space used by other channels using different Walsh codes. At a 
receiver, the unique Walsh code assigned to a particular channel is used to 
despread a received signal and to discriminate the desired channel from others 
occupying the same time-frequency space. The technique is also referred to as 
"spread spectrum" communication. 

To receive and despread CDMA channels that are modulated in a particular 
radio frequency (RF) band (i.e., a particular frequency space), a mobile station 
down-converts the carrier frequency of a received RF band and provides the 
down-converted signal to one or more fingers of a RAKE receiver (also referred to 
as "finger" receiver). A RAKE receiver contains despread ing correlators that can 
despread a particular channel using the Walsh code associated with that channel. 
A RAKE receiver may employ multiple fingers to improve multipath signal 
reception. Different dominant multipath components of a multipath signal can be 
despread by different RAKE receiver fingers. The RAKE receiver may then 
combine the despread signals from the different multipath components to 
maximize the despread energy. The RAKE receiver may combine the despread 
signals based on an estimate of phase and amplitude of the despread 
components. 

In a second-generation cellular phone system, such as an IS-95 CDMA 
system, digitized information is transmitted from a base station to multiple mobile 
stations using a single 1.23 MHz RF band that contains multiple CDMA forward- 
link channels. Similarly, digitized information from multiple mobile stations are 
transmitted to a base station over another 1 .23 MHz RF band that contains 
multiple CDMA reverse-link channels. 

More recently, third-generation broadband CDMA systems have been 
proposed in which forward-link spectrum is frequency subdivided into multiple RF 
bands. Within each of the RF bands, a different set of CDMA channels may be 
transmitted, where the CDMA channels in one RF band need not use mutually 
orthogonal coding in relation to another RF band. Third-generation CDMA cellular 
phone systems can implement an optional operation mode in which a high 
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capacity data channel may be fornnecl between a base station and a mobile station 
by using multiple CDMA channels, each of which is in a different one of the RF 
bands. This optional mode may be referred to as multi-carrier (MC) mode. 

As shown in FIG. 2. in a multi-carrier CDMA (MC-CDMA) system, data may 
5 be transmitted from a base station to a mobile station using a 3.75 MHz of signal 
spectrum that is subdivided by frequency into different RF bands 21 1-21 3, Each 
of the RF bands 21 1-213 occupies its own RF spectrum and has a distinct carrier 
frequency, fd, fc2. fc3. In proposed MC-CDMA standards, each RF band 21 1-213 
occupies a 1.23 MHz spectrum and adjacent carrier frequencies fci, fc2. fc3 of the 
10 RF bands have a minimum frequency spacing of 1 .25 MHz, The carriers fd, fc2, 
fc3 may be RF carriers in the cellular band (869-894 MHz) or in PCS band (1930- 
1990 MHz). Other carrier frequencies may also be used depending on available 
spectrum. 

FIG, 3 shows a block diagram of a single-mode receiver, according to an 
15 embodiment of the invention, that can be used in a single-mode MC-CDMA mobile 
station or base station to simultaneously receive and decode CDMA channels in 
ry different RF bands. The receiver 300 receives a radio frequency (RF) MC-CDMA 

\^ signal (an "RF MC-CDMA" signal) from antenna 301 (which may be coupled to 

receiver 300 through duplexer 302) and provides decoded data to other circuitry in 

■:.n 

20 the mobile station or base station on outputs 331-333. For example, outputs 331- 
333 may be coupled to an audio decompression circuit or a data storage device. 

The receiver 300 includes an initial amplification stage 303 to amplify the 
relatively weak RF MC-CDMA signal received by antenna 301 . The amplification 
stage 303 may include low noise amplifiers (LNAs), band pass filters (BPFs) and 

25 radio frequency amplifiers (RFAs) that operate over a broad range of RF 

frequencies. An intermediate frequency MC-CDMA signal (an "IF MC-CDMA" 
signal) is then formed by down-converting the amplified RF MC-CDMA signal 
using a down-converter 304 (also known as a "signal mixer" or "mixer"). The 
down-converter 304 reduces the carrier frequencies fd, fc2, and fc3, of received RF 

30 bands 21 1-213 (FIG. 2) by the frequency fuo of a local oscillator 305 signal. As a 
result, the carrier frequencies fd. fc2. and fc3 of the RF bands 211-213 are reduced 
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to intermediate frequency (IF) carriers fiFi, fiF2. and fiF3, respectively, where 
fiFi=fci-fLo, fiF2=fc2-fLo. and fiF3=fc3-fLO. The resulting IF MC-CDMA signal is then 
coupled through a band pass filter 306 and a variable gain amplifier 307. The 
bandwidth of the band pass filter 306 is approximately equal to the bandwidth of 
5 the three IF MC-CDMA bands (e.g., approximately 3.7 MHz total). 

An l/Q quadrature mixer stage 350 is then used to down-convert the 
amplified IF MC CDMA signal to produce an amplified and filtered base band 
signal from the IF MC CDMA signal. The l/Q quadrature mixer stage 350 down- 
converts the IF MC-CDMA signal to quadrature base band (BB) "I" and "Q" signals 
10 using down-converters 308 and 309, Do\vn-converters 308 and 309 reduce the 
carrier frequencies of the IF MC-CDMA signal by the frequency fL02 of another 
local oscillator 320. The local oscillator frequency fL02 may be equal to the 
intermediate carrier frequency, fiF2, of the channel 112. Frequency folding occurs 
1=:^ due to down-conversion using a local oscillator frequency Flo2 = Fif2. As a result, 

{fi 15 each down-converter 308 and 309 will output a base band (BB) MC-CDMA signal 
having a bandwidth of approximately 1 .875 MHz. 

j^y Frequency folding at down-converters 308 and 309 can result in the 

i H corruption of the information spectrum. Within the l/Q quadrature mixer stage 

: s i 

=J 350, loss of information is prevented by forming and separating I and Q channel 

" 20 information. This can be accomplished by phase-shifting the local oscillator signal 
used for down-conversion at down-converter 308 by nl2 radians with respect to 
the oscillator signal used at 309. The resulting base band (BB) I and Q signals 
are then amplified, filtered, and recombined to reconstruct the data and thus 
contain the modulated spread CDMA data received in the three RF bands 211- 
25 213. 

Amplification and filtering of baseband I and Q signals is performed using 
circuitry 310-313 and 314-317, respectively. Undesired high frequency 
components in the BB I signal from down-converter 308 are attenuated using a 
low pass filter 310. To minimize undesired signals, the low pass filter 310 should 
30 have a cutoff frequency approximately equal to the bandwidth of the BB I signal 
(e.g., 1 .875 MHz). The filtered BB I signal is then amplified by amplifier 31 1 and 
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digitally sampled at analog-to-digital converters (ADC) 312. ADC 312 forms a 
digital representation of the BB I signal. In general, the ADC 312 will sample the 
BB I signal at a rate of at least twice the BB I signal's highest frequency (resulting, 
in this example, in a minimum sampling rate of 3.75 MHz). The digital 
5 representation of the BB I signal may be filtered again by a digital low pass filter 
313 with a 1.875 MHz bandwidth to further remove any residual high frequency 
interference signals or undesired signals introduced by amplification or analog-to- 
digital conversion. The BB Q signal may be similarly processed by circuit 
elements 314-317. 

10 The digitized representations of the BB I and BB Q signals are then 

summed together using a complex number summing circuit 318. Summing the BB 
3 I and BB Q signals results in a full bandwidth (e.g., 3.75 MHz) unfolded signal that 

:S contains three base-band signals, each of which corresponds to one of the original 

= I three RF bands 21 1-213. The three base band signals are then separated from 

15 each other by a digital filter bank 319 and provided to different RAKE receiver 

i.n 

J fingers 321-323. The fingers 321-323 can each despread a CDMA channel from 

its corresponding base band signal to produce digital output 331-333, respectively. 

rU In general, the bandpass filters and low pass filter used in the MC-CDMA 

I g receiver architecture 300 are limited to, or optimized for, performance in a single 

• 3 20 mode (e.g., MC-CDMA). It may, however, be desirable to build a mobile station or 
other receiving apparatus that can operate in multiple modes. For example, a 
receiver that can operate in both MC-CDMA mode and IS-95 may be desirable. 
Referring to FIGs. 3 and 4, to adapt the single-mode receiver 300 for use in 
multiple modes, filters 306. 310. 313, 314. 317 in receiver 300 may each be 
25 replaced with a pair of switched filters (406A, 406B), (41 OA, 41 OB). (41 3A, 41 3B), 
(414A. 414B), (41 7A, 41 7B). respectively. The first filter in each pair (the "A" filter) 
may be used to receive a 3.85 MHz MC-CDMA signal and may have a filter value 
equal to the corresponding filter in receiver 300. The second filter in each pair 
(the "B" filter) may have a filter value used for filtering a 1 .23 MHz IS-95 RF band. 
30 For example, filter 406B may be a 1 .23 MHz band-pass filter, and filters 41 OB, 
41 4B, 41 3B, 41 7B may each be 0.65 MHz low pass filter. In addition, oscillators 
405 and 420 are frequency-selectable to conform to the particular transmission 
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frequencies used in each mode. The use of multiple filter sets to receive different 
types of CDMA signals may increase the complexity, cost, and/or power use of the 
receiver 400 or may have other disadvantages. Consequently, alternate receiver 
designs are desired. As third-generation systems are implemented, initial 

5 coverage may be limited. Consequently, a mobile station that can transmit and 
receive second-generation CDMA signals as well as third-generation CDMA 
signals is desirable. Multi-mode receivers may require additional filtering, 
switching, and amplification circuitry that is mode-specific to implement multiple 
modes. This additional circuitry may add additional size, cost, and complexity to 

10 the receiver. Consequently, it is desirable to have a flexible receiver design in 
which mode-specific circuitry is reduced. 

SUMMARY OF THE INVENTION 



-J The present invention provides a method and apparatus for receiving multi- 

|;g carrier CDMA signals that allows efficient implementation of a CDMA receiver in 

15 CDMA systems having multiple modes of operation. The invention utilizes multi- 

''■'■4 

tone down conversion within a CDMA receiver operating in a multi-carrier mode. 

Use of multi-tone down conversion in the receiver allows the number of 
Ly components required to process a multi-carrier (MC) CDMA signal to be reduced 

^'2 and furthers efficient design of CDMA receivers operating in multiple modes, such 

20 as an MC-CDMA/CDMA receiver that may include, for example, a TIA/EIA 
cdma2000 first generation (cdma2000_1x) mode. 

In general, in one aspect, the invention features a signal reception method. 

The method includes receiving a signal, down-converting the received signal to 

form an intermediate signal through multi-tone down conversion, and decoding the 
25 intermediate signal to extract data. The received signal may include multiple 

transmission bands, each of which occupies a different portion of a spectrum. 

Each of the transmission bands also includes an information channel signal. 

When the received signal is down-converted, the intermediate signal is formed. 

The intermediate signal may include signals from a common intermediate band 
30 that includes an information channel from each of a plurality of different 
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transmission bands. When the intermediate signal is decoded, data from the 
plurality of information channels is extracted. 

In general, in another aspect, the invention features a signal reception 
apparatus. The apparatus includes a down-converter that is configured to form an 
intermediate signal by down-converting a plurality of transmission bands to a 
common intermediate band through multi-tone conversion. Each transmission 
band includes a time period and spectrum portion shared by a group of channels. 
All of the the plurality of groups of channels share the common intermediate band. 
The apparatus also includes decoding circuitry coupled to the down-converter. 
The decoding circuitry is configured to extract data from the common intermediate 
band. The extracted data include each of the plurality of groups of channels. 

Implementations may include one or more of the following features. 
Information channels may each include spread spectrum data. Each channel may 
use a different spreading code to spread its data. The transmission bands may 
each be modulated using a different carrier frequency, and the intermediate signal 
may have a lower carrier frequency than the transmission bands. Down- 
converting may include using an oscillator signal having multiple frequencies. The 
multiple frequencies may have the same frequency spacing as a spacing between 
carrier frequencies in the transmission bands. A base band signal may be formed 
by down-converting the common spectrum of the intermediate signal to a lower 
frequency second common spectrum. This second common spectrum may 
include the plurality of information channel signals. The base band signals may 
be spectrum folded and have a spectrum narrower than that of the intermediate 
signal. Multiple base band signals may be sampled and the samples may be 
combined to form a full spectrum unfolded signal. The method may be 
implemented in a cellular mobile station or in a base station or in another receiving 
device. The method may also include amplifying and filtering of the received 
intermediate and/or base band signals. Each of the transmission bands may also 
include other information channels that are spread using other spreading codes. 

In an embodiment, multi-tone down conversion is utilized to implement an 
MC-CDMA/CDMA receiver. In CDMA mode, including a cdma2000_1x mode, the 
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receiver receives a 1 .23 MHz bandwidth signal at a carrier frequency. In MC- 
CDMA mode, the receiver receives three separate 1.23 MHz bandwidth signals 
that occupy a total bandwidth of approximately 3.75 MHz using three separate 
carrier frequencies. A down-converter is implemented that down-converts the 
received signal in CDMA mode by a single frequency. In MC-CDMA mode the 
down-converter down-converts the received signal by three frequencies. The 
frequencies used in down-converting are chosen so that the intermediate 
frequency band formed by the down-converting may pass through a bandpass 
filter having a 1 .23 MHz bandwidth. In CDMA mode the signal passed through the 
bandpass filter is the received 1.23 MHz bandwidth signals. In MC-CDMA mode 
the intermediate signal passed through the bandpass filter is a composite of the 
three separate 1 .23 MHz bandwidth signal. The intermediate signal is then 
processed through a baseband conversion stage. The output of the baseband 
stage is then simultaneously processed in a set of RAKE receiver fingers. In MC- 
CDMA mode each of the three received signals may be selected and despread 
using a Walsh code unique to each of the three received signals. In CDMA mode 
the RAKE fingers may be used to decode different dominant multipath 
components. Additionally, added RAKE fingers may be used to enable multipath 
decoding in MC-CDMA mode. 

Implementations may include one or more of the following advantages. A 
receiver can operate to receive multiple signal types, such as IS-95, 3G_3x, and 
3G_1x signals. A common set of intermediate frequency (IF) band pass filters 
(BPFs) and base-band (BB) low pass filters (LPFs) may be used for operation in 
different modes. This may reduce cost and part size compared with devices using 
different sets of intermediate filters and base band filters for different modes of 
operation. 

BRIEF DESCRIPTION OF DRAWINGS 

The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and 
advantages of the invention will be apparent from the description and drawings, 
and from the claims. 
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FIG. 1 is a diagram of a conventional cellular radio communication system; 

FIG. 2 shows different RF bands of a conventional cellular system; 

FIG. 3 is a block diagram of a prior art single-mode receiver design; 

FIG. 4 is a block diagram of a prior art multimode receiver design; 

FIG. 5 is a block diagram of a multimode receiver design according to an 
embodiment of the invention; 

FIG. 6 illustrates signal inputs and outputs within the receiver of FIG. 5; 

FIG. 7 is a diagram illustrating signals in the receiver of FIG. 5; 

FIG. 8 is a circuit diagram of oscillator 505 of the receiver of FIG. 5; and 

FIG. 9 is a block diagram of a multimode receiver designed according to 
another embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 5 is a block diagram of multimode receiver 500 according to an 
embodiment of the invention. Receiver 500 may support multiple operational 
modes (for example, MC-CDMA and IS-95 modes). Receiver 500 supports 
multimode operation using a unique down-conversion mechanism that allows a 
wide bandwidth signal to be filtered, amplified and/or otherwise processed using 
common circuitry compatible with both a wide and a narrower bandwidth signal. 
More particularly, the receiver 500 has a single carrier mode in which the receiver 
500 receives and despreads a CDMA channel transmitted in a single RF band 
(such as an IS-95 signal), and a multi-carrier mode in which the receiver 500 
simultaneously receives and despreads multiple CDMA channels from different 
RF bands (e.g., bands 21 1-213 of FIG. 2). 

An exemplary IS-95/MC-CDMA implementation is described to further 
explain the operation of the receiver 500. In the description that follows, IS-95 
mode refers to a single-carrier mode in which a single IS-95 RF band having a 
1.23 MHz bandwidth signal is received, and MC-CDMA mode refers to a multi- 
carrier mode in which three separate CDMA channels in three separate RF bands 
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21 1-213 of an MC-CDMA signal are received. The three bands 21 1-213 occupy a 
total bandwidth of approximately 3.75 MHz (1 .23 IVIHz per band). 

In both IS-95 and MC-CDMA modes, a relatively weak radio frequency (RF) 
signal from antenna 501 is amplified using an initial amplification stage 503, 
Amplification stage 503 operates similar to amplification stage 303 (FIG. 3). 
Filters and amplifiers in the amplification stage 503 are compatible with the RF 
spectrum and bandwidth of both the IS-95 and MC-CDMA RF signals. Thus, for 
example, the pass-band of filters in the amplification stage 503 includes the 
spectrum occupied by the IS-95 RF band and by the MC-CDMA RF bands. The 
amplified IS-95 or MC-CDMA RF signal is then coupled to a down-converter 504. 

Down-converter 504 reduces the carrier frequencies of RF bands by the 
frequencies produced by local oscillator 505. In IS-95 mode, local oscillator 505 
operates in a single-tone mode wherein a single-frequency, fLo. is output. When 
the local oscillator signal fLo is mixed with the amplified IS-95 RF band from 
amplifier stage 503. the carrier frequency of the IS-95 RF band is reduced by the 
frequency fLo. thus forming an intermediate frequency (IF) IS-95 band having a 
1 .23 MHz bandwidth. In MC-CDMA mode, local oscillator 505 operates in a multi- 
tone mode, wherein a signal fto-M having multiple frequency components is output. 

Referring to FIG. 6, therein are illustrated signal inputs and outputs within 
the receiver 500 in MC-CDMA mode. Local oscillator 505 outputs a local oscillator 
signal fLo-M, 605, having three frequency components fLoa, fL02, fuoi- In general, 
the frequencies fLoa. fL02. ^loi will have the same spacing as carrier frequencies in 
the MC-CDMA RF bands 603 received from amplification stage 503. Thus, if the 
carrier frequencies fcs. fc2. fci of the MC-CDMA RF signal 603 have a spacing of 
1 .25 MHz, the frequencies fLoa. fL02, fLoi of the local oscillator signal 605 will, 
likewise, have a 1 .25 MHz spacing. 

When a three band RF MC-CDMA signal 603 is down-converted at down- 
converter 504 using multi-tone local oscillator signal 605, the signal output by 
down-converter 504 will be a composite of the signal 603 carrier reduced by each 
of the frequencies ftoa. fL02. fLoi. That is, each of the bands 211-213 will appear in 
the down-converter output three times - the first time with its carrier frequency 

-10- 



Attorney Docket No. NT29176 

reduced by fLoi, the second time with its carrier frequency reduced by fto2, and the 
third time with its carrier frequency reduced by ftoa. This is illustrated in FIG. 7. In 
FIG. 7, the signal components resulting from down-converting bands 211. 212, 
and 213 using Flo-m are shown, respectively, as 711. 712, and 713. The actual 
5 output of the down-converter is a composite of the signals 711-713. The 

composite signal output by the down converter 504 is shown as 704. As shown in 
704, the three signals 71 1-713 each have one band in common [that is, the band 
with a carrier frequency fck-ftok (for k=1, 2,3)]. 

The composite signal 704 output by down-converter 504 is then filtered by 
10 a band pass filter 506 having a pass band of 1 .23 MHz centered at the common 
Q carrier frequency fck-fuok of the signal components 71 1-713. The output of filter 

506, shown as 606, will have a 1 .23 MHz bandwidth and will be a composite of 
each of the original RF bands 21 1-213 carrier reduced to the intermediate carrier 
m frequency fck-fLOk- In the receiver 500, the single-tone local oscillator signal fLo. 

I 15 and the multitone local oscillator signals fLoa, fL02, ftoi will, in general, be selected 

such that the intermediate frequency signal produced in single-carrier mode and 
the common carrier frequency fck-fLOk produced in multi-carrier mode are the 
same. This allows both the intermediate frequency band formed by the down- 
v3 converter in single-carrier mode, and the composite band formed by the down- 

™ 20 converter in multi-carrier mode to pass through the band pass filter 506. 

In both single-carrier and multi-carrier modes, the intermediate signal 
output by the down-converter 504 is then converted to base band signals, 
amplified, filtered, and digitally sampled. As in the receiver 300, the intermediate 
signal is converted to BB I and Q signals using a pair of down-converters 508 and 

25 509 in an l/Q quadrature mixer stage 550. As with down-converters 308 and 309 
(FIG. 3), the down-converters 508 and 509 mix the intermediate signal with a local 
oscillator signal to produce a spectrum-folded output signal. In the present 
example, the intermediate frequency IS-95 signal or composite (606) MC-CDMA 
signal is folded to a bandwidth of approximately 0.615 MHz. Additionally, as with 

30 down-converters 308 and 309, the local oscillator signal used for down-conversion 

at down-converter 508 is phase shifted by n/2 radians with respect to the local 

oscillator signal used at down-converter 509. Circuitry 510-518 also operates 
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similarly to circuit elements 310-318, respectively. Note that the pass band of 
filters 510, 513, 514. 517 will, in general, be lower than the pass band of the 
corresponding filters 310, 313, 314, 317 in receiver 300 due to the 
correspondingly lower intermediate signal input to stage 550. For example, in an 
5 IS-95/MC-CDMA implementation, the filters 510. 513. 514. 517 will each have a 
0.615 MHz pass band. 

Digital representations of the BB I and Q signals produced by analog-to- 
digital converters 512 and 516 and filtered by digital filters 513 and 517 are then 
summed in a complex number summing circuit 518 to produce a full bandwidth 
10 unfolded signal. The unfolded signal is then provided to each receiver finger 521- 
523 of the RAKE receiver. In multi-carrier mode, the receiver fingers 521-523, 
: □ may be configured to use different Walsh codes to select and despread different 

i:^ CDMA channels (e.g., CDMA channels that originated in different RF bands 21 1- 

'"'4 

i'^ 213). Thus, using the orthogonal properties of Walsh codes, the receiver fingers 

\18 

\n 15 can separate different channels from the composite signal 606. Note that, in 

f some implementations, the same Walsh codes may be used in different bands 

^ 21 1-213; however, the Walsh codes in different bands will have different encoding 

i jj phases. In IS-95 mode, the receiver fingers 521-523 may be configured to use 

■'^ the same Walsh code to decode a single CDMA channel but may be used to 

"rbJ 

,3 20 decode different dominant multipath components. An implementation may include 
additional receiver fingers of the RAKE receiver to enable multipath decoding in 
multi-carrier mode. 

FIG. 8 shows additional details of the local oscillator 504 that may be used 
to produce both a single-frequency local oscillator signal fto and a multi-frequency 

25 local oscillator signal fto-M- The oscillator 505 may include a dual frequency 
synthesizer chip 801, a UHF voltage control oscillator (VCO) 802. a 1.25 MHz 
frequency oscillator 803, a UHF mixer 804, buffers 805-808, and a signal 
combiner 809. The 1.25 MHz oscillator, mixer, buffers, and combiner can be 
integrated in a monolithic integrated circuit (IC) with the synthesizer chip, or a 

30 receiver RF or IF chip. The three-tone synthesizer has two operation modes. 
One generates three UHF tones and another one performs as a conventional 
synthesizer providing only single tone. The frequency interval between two 
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adjacent tones is 1 .25 MHz, and output power level of each tone is around 0-5 
dBm. 

Although a multi-carrier mode using three RF bands was described, 
implementations may use a greater or fewer number of RF bands in multi-carrier 
5 mode and local oscillator 505 producing a greater or fewer number of frequencies. 
Additionally, an implementation may down-convert the multiple RF bands such 
that only a subset of RF bands overlap. For example, the number of RF bands in 
a multi-carrier system may be expanded to six and the local oscillator 505 may be 
configured to produce an oscillator signal containing two corresponding 
10 frequencies. 

Referring to FIG. 9, an exemplary six-band receiver 900 is shown. The 
v3 receiver 900 receives an RF signal that includes six RF bands. Each of the RF 

bands may occupy a 1 .23 MHz bandwidth and the carrier frequencies of the six 
:il bands may be spaced 1 .25 MHz apart. In addition, the desired CDMA signals in 

15 the first three adjacent RF bands may all use the same Walsh code (code A), 
:H while the desired CDMA signals in the second three adjacent RF bands may all 

;!y use another Walsh code (code B). 

iU 

i^j Receiver 900 down-converts the six bands in the received RF signal to a 

three-band intermediate signal by mixing the six-band signal with a local oscillator 

20 signal containing two frequencies in mixer 904. The two local oscillator 

frequencies may be spaced three carrier frequencies (3.70 MHz) apart. Thus, the 
three bands in the resulting intermediate frequency signal will be formed by 
overlapping the first three adjacent RF bands with the second three adjacent 
bands. Thus, each of the intermediate bands will contain a desired CDMA 

25 channel using Walsh code "A" and another desired channel using Walsh code "B". 
The three bands in the intermediate signal may then be processed using circuit 
elements 906-920. Circuitry 906-920 may be substantially identical to circuitry 
306-320 (FIG. 3). Thus, each of the three outputs from the digital filter 919 will 
consist of a different one of the three intermediate frequency bands. These three 

30 separated bands, each containing a Walsh code "A" CDMA signal and a Walsh 
code "B" CDMA signal, are provided to a different pair of receiver fingers 921-926. 



-13- 



Attorney Docket No. N^9176 



# 



Each pair of receiver fingers consists of a receiver (921 , 923, 925) configured to 
decode Walsh code A, and another receiver finger (922, 924, 926) configured to 
decode Walsh code B. 

A number of embodiments of the present invention have been described. 
Nevertheless, it will be understood that various modifications may be made 
without departing from the spirit and scope of the invention. For example, a 
different number of initial and intermediate amplification and filtering stages may 
be used. Accordingly, other embodiments are within the scope of the following 
claims. 
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